In developed countries, more than 70% of the people lives in urbanized areas. This causes the fact that low population density urban areas are expanding resulting from promotion of motor vehicle transportation, and hollowing out in centers of cities with more energy consuming structure. These phenomenon increase discharges of carbon dioxide, waste, and other pollutants, thus a new city structure should be explored. Among others, environmentally friendly city has been drawing attention. The concept of environmentally friendly city refers to less environmental load and higher amenity. This article focuses on an environmentally friendly city. From this point, the authors have already developed static computable general equilibrium (CGE) models of Obihiro metropolitan area in Hokkaido prefecture, Japan. However, the environmentally friendly city has a dynamic nature. Therefore this paper aims to extend the authors' previous models into an intertemporal framework, maximizing the sum of discounted household utility function under a scenario of future decreasing population that reflects the current trend of population growth in Japan. And then the intertemporal economic impacts of promotion of waste recycling are numerically analyzed by applying the new model. Finally cases of decreasing and increasing populations of the study area are compared with showing the economic implication of decreasing population.
Introduction
The authors have developed static computable general equilibrium (CGE) models to explore the possibility of an environmentally friendly city for Obihiro metropolitan area (Obihiro city, Otohuke town, Memuro town, and Makubetsu town) in Japan Zhang (2004b and 2005) ). In those studies, we numerically examined changes in the volume of waste generation caused by the economic changes in the study area (Miyata, Shibusawa, and Zhang (2005) ), or economic impacts of promotion of waste recycling. Particularly in Miyata, Shibusawa, and Zhang (2004b) , commodities are discriminated as virgin goods produced in the study area, imported goods, and recycled goods so as to examine the economic impacts of promotion of waste recycling in detail.
By the way, the environmentally friendly city may be defined as a city with less environmental load and higher amenity. Moreover sustainable growth of an environmentally friendly city is a significant target as well. From this point, our model should be extended into an intertemporal framework.
Dynamization of CGE models in the environmental and economic system has already been attempted in previous literature including Jorgenson and Wilcoxen (1990) , Conrad and Schröder (1991) , Burniaux, Nicoletti, and OliveiraMartins (1992), Welsch and Hoster (1995) , and Goulder (1995) . Many of these studies deal with the carbon dioxide problem implying the studies of global environmental problem. As for the studies of intertemporal general equilibrium analysis of waste, one can find only a few achievements including Atri and Schellberg (1995) and Samakovlis (2004) as theoretical consideration, and Miyata (1997) , Faehn and Holmøy (2003) , Miyata (2005 and 2006) as empirical consideration. Thus the more studies about this field should be enhanced in the future.
Taking account of this background, this article aims to develop an intertemporal CGE model maximizing the sum of the discounted instantaneous utility functions. And then we investigate the intertemporal economic impacts of promotion of waste recycling, which is one of the most important issues in the formation of an environmentally friendly city, under a scenario of decreasing population that is forecasted by the Japanese Government (National Institute of Population and Social Security Research). This point is quite different from the authors' previous papers (Miyata (2005 Table 1 . The system of area economic account is not available in Obihiro metropolitan area as well, thus Hokkaido's economic accounting matrix was estimated (Department of Planning, Hokkaido (2002)). Then Obihiro metropolitan's accounting matrix is estimated by breaking down Hokkaido's one by employing several statistical data including the national census of population. The estimated results are shown in Table 2 .
From this table, one can see that industries produce 1,570 billion yen of commodities and services. However, it is a characteristic nature that the external sector's net demand for goods and services produced in the study area shows À115;942 million yen. This is due to the fact that the population of the study area is small, thus the consumption of commodities and services much depends on the imports from the rest of the world.
Looking at the government sector, it obtains its revenue of 520,694 million yen from net indirect tax, direct tax, and current transfers from the external sector. It is a specific fact that the revenue from the external sector is large. In expenditure side, it is characteristic that the government savings are small.
In the household sector, households obtain 988,514 million yen of income, and then consume 532,952 million yen of commodities and services, which include 3,186 million yen of recycled goods, generating 95,336 tons of waste. In the external sector, current transfers between the external sector and the government, and those between the external sector and households are large.
In the sectors related to waste treatment, 10,163 million yen is paid to the waste recycling sector, 10,326 million yen to the internal waste abatement sector, and 2,436 million yen to the external waste abatement sector.
Structure of the Model
The whole structure of the model in this study is presented in Fig. 1 , and its hierarchical structure is illustrated in Fig. 2 . 
Main Assumption in the Model
Main assumptions in the model are described in the following, however, there are many other additional assumptions in the model. Those will be referred to at necessary places in the main text to avoid unnecessary complexity.
(1) 1996 to 2020 Obihiro metropolitan area's economy is examined. Economic agents are households, 8 industries, 8 internal waste abatement activities (abbreviated by S-activities), one external waste abatement activity (abbreviated by C-activity), one waste recycling activity (abbreviated by R-activity), the government, and the external sector. (2) Commodities are discriminated as virgin goods, imported goods, and recycled goods. Recycled goods are regarded as substitutive manufacturing commodities. (3) 12 markets are considered. They are 8 virgin commodity, one recycled commodity, one external waste abatement service, labor, and capital markets. These are assumed to be perfectly competitive, and in equilibrium in each year given the population and capital stock.
In the following context, virgin goods produced in Obihiro metropolitan area, imported goods, and recycled goods are denoted by V-goods, M-goods, and R-goods, respectively.
Industries and Internal Waste Abatement Activities
Under the given total capital stock at the beginning of each year, each industry produces its commodities/services inputting intermediate goods, labor, and capital, while it generates waste. Waste is recycled by R-activity, disposed by the industry itself by employing its associated S-activity, and treated by C-activity. Portions of wastes recycled, internally, and externally abated to the total waste generated by industries and households are fixed. Each industry pays internal and external waste abatement costs.
Leontief technology is assumed in intermediate inputs, while Cobb-Douglas technology is applied in labor and capital inputs. Constant returns to scale are assumed in the technology of each industry. The technology in S-activities is also Leontief and Cobb-Douglas with respect to intermediate inputs, and labor and capital inputs, respectively, with constant returns to scale.
Profit maximization in industry's behavior becomes cost minimization given its output, due to linear homogeneity in the production technology. Note that, like in the authors' previous paper (Miyata, Shibusawa, and Zhang (2004b) input of manufacturing good is specified as a composite of virgin, imported, and recycled goods, considerably differing from previous literature. Then the industrial behavior is modeled as equations (1) to (12) . Here we would like to briefly explain the economic implication of these equations.
The first term in objective function (1) is the cost of intermediate inputs in production technology, the second term denotes the cost of labor and capital input in production technology, the third term is expresses the cost of intermediate inputs in S-activity, the fourth term represents the cost of labor and capital inputs in S-activity, and finally the fifth term shows the cost of external waste abatement. The reason why the cost in S-activity is included in industrial behavior is that each S-activity is owned by the corresponding industry, so each industry aims to minimize the production cost and waste abatement cost. Note that the cost of external waste abatement cannot be controlled given the industrial output, since the volume of waste externally abated is assumed to be proportional to the output. And the price of external waste abatement service is determined in the competitive market mentioned later. Solving the cost minimization problem expressed by equations (1) to (12) given the output of industry j, X j , conditional demands for intermediate goods, labor, and capital are derived with price indices of intermediate V=M=ðRÞ-composites.
where p Vi : price of V-good i, p Mi : price of M-good i, p R : price of R-good. Free entry assumption ensures zero profit condition in every industry, and the supply function of each industry can be derived from the profit function. Note that the cost in internal and external waste abatements is depicted in the right hand side in equation (33) with the reason described in the earlier part.
Moreover, the shadow price of S-activity j's services, q j , is calculated from the Lagrangian multiplier associated with technological constraint (7).
where
External Waste Abatement Activity
C-activity actually disposes of both industrial and household wastes. In the model, C-activity is assumed to abate waste which is neither internally abated nor recycled. The technology in C-activity is assumed to be the same as that in S-activities, but this activity is supposed to take firm's behavior. That is, cost minimizing is the optimal behavior of Cactivity under given industries' and households' waste to be reduced. (13) to (33), so description of those functional forms is omitted (see Miyata (2007) ). Zero profit condition is also realized in equilibrium, therefore the supply function of C-activity is derived.
Recycling Activity
R-activity processes a part of industrial and household wastes, and supply recycled goods. It is assumed that waste transformed by R-activity is purchased free of cost from industries and households, but the quantity of waste inputted in R-activity imposes a technological constraint on the quantity of recycled commodities produced by R-activity. The technology in R-activity is assumed to be constant returns to scale.
R-activity is also assumed to take firm's behavior implying that minimization of production costs under a given volume of waste to be recycled is the optimal behavior. Note that the input of waste, WR, is indicated in the production function in R-activity (43), but its cost is not taken into account in objective function (42) since free of cost in purchase of waste to be recycled is assumed. Although introducing the price of waste to be recycled is possible, such a scheme makes the model unessentially complex. (2007)). Moreover, the following zero profit condition is realized in equilibrium, and the supply function of R-activity is obtained from the profit function as well.
Note that the volume of waste processed in producing recycled goods, WR ¼ a R R X R , must coincide with the volume of waste in generation side (44). This point will be referred to again in a later part.
Households
All households in Obihiro metropolitan area are assumed to be homogeneous, and the future number of households is exogenously given. Each household has a constant intertemporal elasticity of substitution utility function with respect to CES full consumption (a composite of consumption and leisure time), and chooses a bundle of full composite consumption and leisure time (labor supply) so as to maximize the sum of discounted utilities under an intertemporal budget constraint. Then the full composite consumption is disaggregated into V-, M-, and R-goods. Thus the behavior of the representative household is described as follows: The above-stated specification implies that the maximization of the utility function of a household is done by allocating income, which is obtained at the present time to period T, to full composite consumption and leisure time. That is, it is possible to consume commodities and services more than the current income, and to save the income by reducing consumption. The gap between income and the value of full composite consumption constitutes saving which in turn changes the household wealth (capital stock).
Denoting the total capital stock in the study area by KSðtÞ, the private gross investment, I P ðtÞ, is expressed by I P ðtÞ ¼ KSðt þ 1Þ À ð1 À ÞKSðtÞ, and I P ðtÞ is constituted by V-goods, I PDi ðtÞ, M-goods, I PMi ðtÞ, and R-goods, I PR3 ðtÞ. Now we introduce the present value Hamiltonian to solve the utility maximization problem (49).
where ðtÞ: costate variable associated with ksðtÞ.
The necessary and sufficient conditions to maximize (49) are as follows: Equation (50), ðtÞ ¼ @H=@ksðtÞ, cðtÞ and f ðtÞ maximize the Hamiltonian in each year, and the transversality condition. These conditions are mathematically expressed as follows:
lsðtÞ ¼ 1 À f ðtÞ ð57Þ
where lsðtÞ: labor supply by a household.
Moreover, full composite consumption good is disaggregated into V=M=ðRÞ-composite goods through the maximization of a Cobb-Douglas sub-utility function given the household income, leisure time, and savings. In the subsequent context, time variable, t, will often be omitted to simplify notations.
The relationship between the price of full composite consumption good and those of V=M=ðRÞ-composite consumption goods is as follows:
Finally, V=M=ðRÞ-composite consumption good i is further disaggregated into V-, M-, and R-goods through the following optimization problem yielding the prices of V=M=ðRÞ-composite consumption good i 's.
Then we have; 
where wg 9 : volume of waste generated by a household 9 : marginal rate of household waste generation wr 9 : volume of household waste recycled 9 : recycling rate on household waste wc 9 : volume of household waste externally abated 9 : rate of external abatement on household waste
The Government
The government obtains its income from the direct tax, net indirect tax, and current transfers from the external sector, and then the revenue is spent on government consumption, current transfers to households and to the external sector. It is assumed that nominal V=M=ðRÞ-composite consumption, current transfers from the government to households and to the external sector, and government saving are proportional to government revenues. These are expressed as the following balance of payment.
where CG Di : demand for V-good i by government consumption expenditures CG Mi : demand for M-good i by government consumption expenditures CG R3 : demand for R-good by government consumption expenditures TRGH: current transfers from the government to all households TRGO: current transfers from the government to the external sector SG: government saving Y: total household income TROG: current transfers from the external sector to the government Here V-, M-, and R-goods in government consumption expenditures are obtained through the following optimization problem, although the concrete functional forms of the solutions are skipped (see Miyata (2007) ).
Balance of Investment and Saving
Capital accumulation in industries is internalized by maximizing the sum of discounted household utility functions. In the actual economy, however, there are other investments including public investment and housing investment etc. Thus such investments should be taken into account in the model. In this study, other investment is assumed to be financed by the government's and external sector's savings, yielding the following balance of investment and saving.
where I OVi : demand for V-good i by other investment I OMi : demand for M-good i by other investment I OR3 : demand for R-good by other investment
In the balance of investment and savings (83), portion of each nominal V=M=ðRÞ-composite good i in other investment is fixed, and demands for V-, M-, and R-goods are derived through the following optimization problem. The solutions are skipped as well (see Miyata (2007) ).
p IOi Á I Oi : given ð88Þ
The External Sector
The external sector obtains its income from imports of Obihiro metropolitan area, government current transfers to the external sector, labor income transfers to the external sector, property income transfers to the external sector. Then it spends its income on exports of the study area, current transfers to households and to the government, labor and property income transfers to the study area, and saving. These are assumed to be proportional to the external sector's income. Nominal value of exports of the study area in each year is supposed to be exogenously given, and imports are expressed by the following equation.
where EM i : import good i by Obihiro metropolitan area C Mi : consumption demand for M-good i by all households
From the above-mentioned specification, the external sector is written as the following balance of payment.
where EX i : export good i by Obihiro metropolitan area TROH: current transfers from the external sector to all households KI: property income transfers from the external sector to all households LI: labor income transfers from the external sector to all households SO: saving of the external sector (= -Obihiro metropolitan area's surplus) TRHO: current transfers from all households to the external sector LIO: labor income transfers to the external sector (¼ l o Á w Á LS) LS: total labor supply by households KIO: property income transfers to the external sector (¼ k o Á r Á KS) KS: total capital stock endowed by households
Supply Functions
Differentiating the profit functions with respect to outputs in industries, recycling activity, and external waste abatement activity, supply functions are derived. They can be written in matrix representation as follows: 
Here, for example, coefficient a VDij is defined as follows:
Other coefficients are similarly expressed (see Miyata (2007)), and l Vj , k Vj etc. are defined as follows:
Moreover, the supply function of the external waste abatement activity is given by formula (92).
Given the price system satisfying equations (91) and (92), demand for each commodity and service is determined. And then supplies of industries, waste recycling activity, and the external waste abatement activity are determined to meet the demands.
Equilibrium Conditions
Summarizing the above-stated demands for virgin and recycled goods, supply functions, volumes of waste generated, recycled, and abated, equilibrium conditions in the model are obtained. Note that the intertemporal equilibrium conditions in the following are expressed for the representative household, while the instantaneous equilibrium conditions are depicted for aggregate variables in Obihiro metropolitan area's economy. 
Intertemporal Equilibrium Conditions
Instantaneous Equilibrium Condition for External Waste Abatement
Instantaneous Equilibrium Condition for Labor Market
Instantaneous Equilibrium Condition for Capital Market
Algorithm for Solving the Model
In the above-mentioned equilibrium conditions, commodities and services are supplied to meet the demand, and waste abatement services are provided to treat wastes described by equations (101) and (102). However, the volume of waste to be recycled, X R , is determined by equation (99) derived from waste demand side as well as by the conditions (100) imposed by waste generation side (Fig. 3) . To realize both the conditions, in this study, net indirect tax rate on Ractivity, tp R , is adjusted to satisfy equation (100) from waste demand side, while recycling rates, j , are adjusted from waste generation side (Fig. 4) .
In addition, the above-mentioned equilibrium conditions are, of course, insufficient to solve the model implying that all the equations in the model are necessary. The total number of equations in the model is 33,802. However, if equation (100) is satisfied, the Walras law, that is, value of excess demand for labor + value of excess demand for capital = 0 will be realized. This implies that if either labor or capital market is cleared, the instantaneous equilibrium solution of the model can be obtained.
Thus letting labor be numeraire (wðtÞ ¼ 1), the capital return rate is computed to clear the capital rental market by using Newton-Raphson method. Moreover, net indirect tax rate on R-activity, tp R , or recycling rates, j , are calibrated feedbacking a gap in equation (100) to obtain the full instantaneous equilibrium solution.
As for intertemporal equilibrium, Fair-Taylor method (Dixon, Parmenter, Powell, and Wilcoxen (1992)) is employed. The algorithm to solve the intertemporal equilibrium is as follows:
Step 0: Let the labor be numeraire (wðtÞ ¼ 1) in each year, and give the initial value of capital stock per household, ksð0Þ, the initial price of investment goods, p IP ð0Þ, the initial capital return rate, rð0Þ, the time sequence of the population, {Eð0Þ; Á Á Á ; EðT þ 1Þ}, and finally the time sequence of the subjective discount rate, {ð0Þ; Á Á Á ; ðT þ 1Þ}.
ð1 þ ðtÞÞ, p IP ðtÞ ¼ p IP ð0Þ, rðtÞ ¼ rð0Þ in equation (94), and then calculate a temporal time sequence of costate variable, { 0 ð0Þ; Á Á Á ; 0 ðT þ 1Þ}.
Step 1: Solve the prices of V-goods and R-goods from equation (91), and then solve the demands for full composite consumption and leisure time, and labor supply from equations (95), (96), and (97), respectively. Moreover, solve other flow variables including the demands for intermediated goods, and other final demands like in a static framework. Finally, solve the output of each industry and R-activity to meet the demand from equation (99).
Step 2: Solve the conditional demands for production factors from equations (19) , (20), (27) Step 3: Find the capital return rate in period 0, which clears every market given ksð0Þ, Eð0Þ, and 0 ð0Þ as a static problem by employing Newton-Raphson method.
Step 4: Calculate the capital stock in the first period by employing equation (93) with the capital investment in the initial period. Then calculate the capital stock in the second period by repeating Step 2 to Step 4.
Step 5: When the capital stock in the (T þ 1)th period is determined, solve the time sequence of ðtÞ backwardly by using equation (94) Step 6: Repeating Step 1 to Step 5, the intertemporal general equilibrium solution is obtained when ðtÞ changes little by the revision mentioned in Step 5.
Parameter Setting
For numerical experiments, it is necessary to estimate parameters in functions specified in the model. Since the technological parameters in the production functions in industries, R-, S-, and C-activities are specified as LeontiefCobb-Douglas type, they can easily be estimated by applying the economic and material circulation accounting matrix as a benchmark data set in a usual CGE-modeling framework. The detailed results of parameter estimation are beyond the scope of this paper, therefore, they are skipped here.
For the parameters in the utility function, estimation of them is made in a standard way (Ichioka (1991) ), though the description of the estimation method is skipped as well. The intertemporal elasticity of substitution is set referring to Goulder (1995) . The evaluation parameter on the capital stock in the final year significantly affects the behavior of outputs of the model. Therefore in this study, simulations are conducted with some candidate parameters, and then an appropriate parameter, which generates stable growth path, is chosen. These parameters are shown in Table 3 .
Marginal waste generation rates in industries and households were estimated by dividing the volumes of waste generated by outputs in industries and household full composite consumption, respectively. Waste recycling rates and waste abatement rates were estimated by dividing the volumes of waste recycled and abated by the volumes of waste generated, respectively.
Finally, the time sequences of the population and the subjective discount rate in Obihiro metropolitan area are presented in Fig. 5 and Table 4 
Simulation Analyses
Three cases presented below are examined in simulation analyses. Particularly the reason of taking cases 1 and 2 is that they are a representative environmental policy which aims to decrease the price of recycled goods. Taxation and/or imposing charges to reduce the generation of waste is possible, but the outputs of industries and/or household utility are straightforwardly decreased due to those policies. To avoid such results, substitutive goods and/or technologies are necessary. However, introducing substitutive goods and/or technologies in the present model requires a significant revision of the model, therefore, such a revision is left as a future task at this moment.
1) base case
Business as usual case.
2) case 1
Recycling rates in every industry and households are raised by 20%. Additional government subsidies are paid to Ractivity to equilibrate the recycling market.
3) case 2
In addition to case 1, the direct tax rate on households is increased to completely finance the additional government subsidies.
Now the simulation results are graphically illustrated in Figs. 6 to 33.
(1) Waste Recycling Activity
Looking at waste generation in Fig. 6 , the volumes of waste generated in 1996 are 2,316,008 tons in base case, 2,341,882 tons in case 1, and 2,339,089 tons in case 2, while those in 2020 are 3,130,563 tons in base case, 3, 196, 486 tons in case 1, and 3,150,175 tons in case 2. One can see that the volumes of waste generated in cases 1 and 2 are more than that in base case. This is due to the expansion of outputs in industries even under the decreasing population. As for the total volume of waste recycled, it is observed in Fig. 7 that the recycling rates in cases 1 and 2 increase about 20% by assumption. The reason why the recycling rates in both the cases do not coincide with 20% is due to the intertemporal general equilibrium effects.
The real outputs of R-activity in cases 1 and 2 increased more than that in base case resulting from the expansion in the waste recycled. As for the real gross product in R-activity in Fig. 8 , it shows 1,156 million yen in 1996 and decreases to À872 million yen in 2020 in case 1. In case 2, it is 1,124 million yen in 1996 and decreases to À919 million yen in 2020, while it depicts 2,852 million yen in 1996 and decreases to 1,590 million yen in 2020 in base case. The negative GDP in R-activity is not surprising, since this is attributed to the effect of subsidies for R-activity. The subsidies get lower the price of recycled goods by 18.95% in case 1, and 19.19% in case 2 in 2020 as illustrated in Fig. 9 . This fact suggests that about 19% fall in the price of recycled goods is necessary to raise the recycling rate by 20%.
(2) Waste Abatement Activities
Due to the increase in the volume of recycled goods, the volumes of wastes abated by S-activities and C-activity decrease in cases 1 and 2 as shown in Figs. 10 and 11. Particularly decreases in waste abated in CM and OS industries exceeded 47% in 2020, and that in CN sector showed more than 27% as well. The reason of this fact is attributed to the higher recycling rates in these industries.
(3) Imports
An increase in the volume of recycled goods contributes to make higher the self-sufficiency rate of virgin goods produced in the study area. Looking at changes in imports in Fig. 12 , the total import in case 1 in 2020 exceeds that in base case. Commodities and services whose self-sufficiency rate is less than that in base case was found in only the services of EL industry. However, calculating the elasticity of total import to the total real industries' output from 2015 to 2020, it is 2.88691 in base case and 3.66386 in case 1. This implies that the self-sufficiency rate shows a tendency to become higher in case 1 than in base case, since both the total industrial output and the total import show decreases during this period.
In case 2, imports of every kind of commodities and services showed lower figures than those in base case. The elasticity in case 2 depicts 2.47663 which is lower than in base case, illustrating a tendency of lower self-sufficiency rate than in base case. Changes in imports show small figures, since the significance of waste related economic activities in the study area is only about 1.5% in monetary term.
(4) Regional Gross Domestic Product by Industry
Capital stock and labor shift to industries as waste abatement activities are reduced. Thus the real GDP in every industry in case 1 shows a higher growth than that in base case as illustrated in Fig. 13 . Specifically, the real GDP in AG industry in case 1 in 2020 is 2.31% greater than that in base case (Fig. 14) . The reason can be interpreted as that this industry must expand to cover an increase in intermediate input of recycled goods.
In case 2, outputs in industries were less than those in base case except AG and MN industries (see Miyata (2007) ). This is due to an increase in direct tax imposed on households.
(5) Other Variables
Let us summarize the behavior of other variables in Figs. 15 to 27. First of all, household income in case 1 is 1.55% greater than that in base case in 2020 (Fig. 15) . Despite a greater household income and a lower price of full composite consumption goods in case 1 relative to base case (Fig. 16) , full composite consumption in case 1 in 2020 is 0.37% lower than that in base case (Fig. 17) . The household leisure time is also smaller than in base case by 0.69% (Fig. 18) , and equivalently the labor supply in case 1 is greater than in base case (Fig. 19) . These result in larger household savings in case 1 than those in base case, leading to a more promotion of capital accumulation (Fig. 20) . Household instantaneous utility level in base case is greater than in case 1 (Fig. 21) , however, the sum of discounted utility values in case 1 is greater than in base case (Fig. 23) . The reason is that the sum of discounted utility values includes the value of capital stock in the terminal year as presented in equation (49). Since the government pays subsidies to R-activity for promotion of recycling, government revenue by net indirect tax is smaller by 2,543 million yen in case 1 in 2020 than in base case with the decrease percentage of 7.58% (Fig. 24) . However, due to the higher household income in case 1 than in base case, the direct tax revenue gets higher by 902 million yen in case 1 in 2020 than in base case (Fig. 25) , yielding 2,146 million yen increase in the government revenue (Fig. 26) . This results in increases in government consumption expenditures, current transfers from the government to households and to the external sector, and government savings. The government expenditures on Cactivity are saved by 33 million yen (3.72%) in case 1 in 2020 relative to base case, because of the promotion of household waste recycling (Fig. 27 ). As for case 2, though the household income gets lower by 12,635 million yen (1.50%) in case 2 in 2020 than in base case (Fig. 15) , this figure includes the direct tax. The after-direct tax income more decreases by 17,150 million yen (2.44%) as compared with base case. The increase in direct tax is 4,515 million yen with the increase rate of 3.23% (Fig. 25) . This results in an increase in household full composite consumption of 0.11% in 2020 (Fig. 17) , and an increase in the leisure time of 0.53% (Fig. 18) . Equivalently there is a decrease in labor supply in case 2 in 2020 as compared with base case (Fig. 19 ). The household instantaneous utility level is smaller than in base case in 1996, but larger than in case 1. And then, it becomes greater than in base case and case 1 in 2020 (Fig. 21) . However, the value of capital stock per household in 2021 becomes the smallest among the three cases, yielding the smallest sum of discounted utility levels (Fig. 23) .
Comparing the case of decreasing population (case A) with the case of increasing population (case B) (Miyata (2005 and 2006) ), the household instantaneous utility levels in case A show almost monotonic increases after 2000 in the three cases (Fig. 21) , despite the fact of monotonic decreases after 2008 in case B (Fig. 22) . The reason of this result is due to the fact of the higher per capita capital stock in case A than in case B. And this suggests a possibility of sustainable growth of the study area in terms of household utility even under the decreasing population.
The government net indirect tax revenue is reduced by 3,016 million yen in case 2 in 2020 as compared with base case with the reduction rate of 8.99% (Fig. 24) . Therefore the government total revenue decreases by 4,014 million yen despite an increase in the direct tax revenue (Fig. 26) . The fall in the government revenue results in decreases in government consumption expenditures, current transfers from the government to households and to the external sector, and government savings. The government expenditures on C-activity are saved by 24 million yen (2.66%) than in base case as well (Fig. 27) .
Comparing the three cases, it can be concluded that case 1 is the most desirable from the welfare point of view. But it is not clear whether the government can get a sufficient budget to finance the additional subsidies. For this purpose, imposing taxes on industries instead of household direct tax may be taken into account. However, such taxes could straightforwardly decrease the outputs of industries under the present framework of the model, implying an unessential policy measure. This point is left as a future issue in this study.
Concluding Remarks
This study has developed an intertemporal CGE model of Obihiro metropolitan area's economy taking into account the realization of an environmentally friendly city in the study area. For this purpose, the present model internalizes waste generation, abatement, and recycling, and moreover, discriminates the commodities as virgin goods produced in the study area, recycled goods, and imported goods, considering the smallness of the study area's size. Furthermore the future population size has been set up to be decreasing, reflecting the current tendency of Japanese birth rate. By employing this model, the three numerical simulations have been implemented. From the simulation results, some interesting conclusions have been obtained as intertemporal general equilibrium effects, including the monotonic increase in the household instantaneous utility level in the three cases even under the decreasing population, the necessary fall in the price of recycled goods to raise the recycling rate by 20%, and economic effects of increasing the direct tax rate to finance the additional subsidies for promotion of recycling.
